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 SUCCESSION IN WETLANDS: A GLEASONIAN APPROACH'
 A. G. VAN DER VALK
 Department of Botany, Iowa State University, Ames, Iowa 50011 USA
 Abstract. A qualitative model of succession in freshwater wetlands is proposed, based on the
 life history features of the species involved. Three key life history traits can be used to characterize
 wetland species: life-span, propagule longevity, and propagule establishment requirements. By com-
 bining these three life history traits, 12 basic wetland life history types are recognized. For each life
 history type, the future state (presence only in the form of propagules in the seed bank, presence as
 adult plants, or complete absence) of each species type in a wetland can be predicted if environmental
 conditions change. Most of the information needed to apply this model to a particular wetland can
 be obtained by an examination of a wetland's seed bank. Several examples of succession in North
 American and African wetlands are presented to illustrate the application of the model.
 Key words: drawdown; life history; Iowa; Manitoba; marsh; seed bank; succession; vegetation
 dynamics; wetlands.
 INTRODUCTION
 In temperate North America, vegetation dynamics
 usually has been described and interpreted in either
 the holistic framework developed by F. E. Clements
 (1916, 1928) or the reductionist framework proposed
 by H. A. Gleason (1917, 1927). Clements' interpreta-
 tion of vegetation change as an ontogenic phenomenon
 has been criticized on both theoretical and practical
 grounds since its formulation (Gleason 1917, 1927,
 Whittaker 1953, Egler 1954, McCormick 1968, Walker
 1970, Drury and Nisbet 1971, 1973, Raup 1975, Con-
 nell and Slatyer 1977, among others), and it has given
 way since midcentury primarily to the "individualis-
 tic" approach to vegetation proposed by Gleason
 (McIntosh 1974, 1975, 1976, 1980).
 For Gleason, any change in the relative abundance
 of species in the plant cover of an area or in its floristic
 composition with time was a successional change. Be-
 cause environmental conditions at a site almost in-
 variably change from year to year, because there are
 continuous interactions among the species, and/or be-
 cause new species may reach the site from surround-
 ing areas, all vegetation is, for him, protean by nature.
 It is constantly in the process of adapting to a unique,
 new set of biological and physical conditions. The rate
 at which this vegetation change occurs is sometimes
 very rapid (e.g., after a major disturbance), but may
 be, at other times, very slow and almost imperceptible
 (Gleason 1917, 1927).
 Currently, there is no Gleasonian model of vegeta-
 tion dynamics in wetlands. Such a Gleasonian model
 ideally should be able to predict all successional
 changes in a wetland, due to either allogenic or auto-
 genic factors, from the life history characteristics of
 the species involved. I here propose a qualitative
 Gleasonian model of allogenic succession in freshwa-
 I Manuscript received 11 February 1980; revised 5 June
 1980; accepted 17 June 1980.
 ter wetlands. In this model, succession occurs when-
 ever one or more new species becomes established,
 when one or more species already present is extirpat-
 ed, or when both occur simultaneously in a wetland.
 This is a considerably narrower definition of succes-
 sion than that put forward by Gleason who considered
 all quantitative and qualitative changes in vegetation
 to be successional (Gleason 1917, 1927). Only quali-
 tative changes could be considered in this initial ver-
 sion of the model because of the limited amount of
 information available about life history features of
 wetland species.
 In the sections that follow, I will do three things:
 (1) outline the proposed Gleasonian model of al'ogenic
 succession in freshwater wetlands, (2) show that most
 of the life history information needed to use the model
 can be obtained by examining the seed bank of a given
 wetland, and (3) illustrate the utility of the model by
 applying it to some specific examples.
 THE MODEL
 Changes in the floristic composition of wetland
 vegetation normally result from (1) the destruction of
 all or some of the existing vegetation by pathogens,
 herbivores, or man; (2) changes in the physical or
 chemical conditions of the habitat (e.g., a change in
 water or nutrient levels) that favor the growth of some
 species over others, (3) interactions among the plants
 (competition, allelopathy), or (4) the invasion and es-
 tablishment of new species. In all instances, realistic
 predictions about changes in the composition of wet-
 land vegetation theoretically could be made if suffi-
 cient information about the life history characteristics
 (propagule dispersal, seed germination, growth rate
 under various environmental conditions, seed produc-
 tion, susceptibility to specific pathogens, competitive
 ability, life-span, etc.) of all the species in a given
 wetland were known. Unfortunately, it is not possible
 to obtain such detailed information about the life his-
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 FIG. 1. A model of allogenic succession in wetlands. The establishment and extirpation of species in this model are
 primarily a function of the physical environment. The environment behaves as a variable sieve that alternates between two
 states: drawndown (without standing water) and flooded (with standing water). As illustrated, the wetland is flooded. As a
 result, only those species with the proper life history features can become established in the wetland, and other species,
 because of their life history characteristics, may be extirpated. When the wetland is drawndown, another set of species may
 become established and another set potentially will be extirpated. The 12 life history types (i.e., AD-I, AS-I, PD-I, etc.) in
 the model are defined in the text and in Fig. 2.
 tory of most wetland species (Kadlec and Wentz
 1974), and as a consequence, it is not possible to de-
 velop a general Gleasonian model of wetland succes-
 sion. It is possible, however, with available informa-
 tion to construct a Gleasonian model of allogenic
 succession. To do this, it is necessary to identify a
 limited number of key life history features sufficient
 to characterize the potential behavior of wetland
 species and from which the fate of each species in a
 wetland can be predicted whenever there are signifi-
 cant changes in the physical environment of the wet-
 land.
 In my model of freshwater wetland vegetation dy-
 namics (Fig. 1), two basic types of wetland species are
 recognized on the basis of their propagule longevity:
 (I) species with long-lived propagules that are present
 in the wetland's seed bank that can become estab-
 lished whenever suitable environmental conditions oc-
 cur, and (2) species with short-lived propagules that
 can only become established in a wetland if the prop-
 agules reach the wetland during a period when envi-
 ronmental conditions are suitable. The wetland envi-
 ronment behaves as a sieve, permitting the
 establishment of only certain species at any given
 time. The characteristics of this environmental sieve
 can change, particularly in response to changes in
 water levels, and this allows different types of species
 to become established in the wetland. The extirpation
 of a species from a wetland in the model is due either
 to all individuals of the species reaching the end of
 their normal life-span before any new individuals can
 be added to the population, or to a radical shift in the
 environment that cannot be tolerated by individuals of
 the species. It is assumed in the model that interac-
 tions among the species (e.g., competition, allelopa-
 thy) will not result in the extirpation of any species
 from a wetland.
 In its general format, the approach taken in con-
 structing the present model is that pioneered by Noble
 and Slatyer (1977) in modeling the effect of fires on
 the floristic composition of forest vegetation. Wet-
 lands differ fundamentally from terrestrial vegetation,
 however, in that they may be found in one of two
 different environmental states, with standing water
 (flooded) and without standing water (drawndown).
 Inasmuch as the establishment, growth, and repro-
 duction of all wetland species are influenced to some
 extent by the presence or absence of standing water,
 the impact of these two environmental states on a
 species is an important feature of the model. Infor-
 mation about only three key features of the life history
 of each species present or reaching a wetland is need-
 ed in this model: life-span, propagule longevity, and
 establishment requirements.
 Lifej history features
 Life-span.-Wetland species can be placed in one
 of three groups on the basis of their potential life-
 spans: annuals, perennials, and vegetatively reproduc-
 ing perennials. The annual group (A-species) includes
This content downloaded from 129.186.176.217 on Wed, 12 Sep 2018 18:56:02 UTC
All use subject to https://about.jstor.org/terms
 690 A. G. VAN DER VALK Ecology, Vol. 62, No. 3
 mud-flat species, i.e., ephemerals found only during
 drawdowns when a wetland is free of standing water,
 submersed and free-floating annual plants, and her-
 baceous species that are potentially perennials but that
 behave as annuals in the temperate zone. Perennial
 plants with or without vegetative reproduction that
 have a limited life-span are classified as perennials (P-
 species). Perennial plants with vegetative reproduc-
 tion that do not have a definite life-span are classified
 as vegetatively reproducing perennials (V-species).
 These three categories are similar to those used by
 Werner ( 1979) in characterizing terrestrial fugitive
 species.
 If little is known about the species, it should be
 assumed to behave as an annual, perennial, or vege-
 tative species on the basis of information available
 from taxonomic sources and/or from field observation
 of its morphology. In most instances, there should be
 no difficulty in assigning a species to the correct class.
 If information about the impact of changing water
 levels on the survival of perennial species is lacking,
 then it may be assumed, as a first approximation, that
 submersed aquatic species will not survive a draw-
 down except as propagules and that emergents (in-
 cluding floating-leaved species) will survive as adults
 during both drawdown and flooded conditions. How-
 ever, species occasionally behave differently in the
 field from what would be expected on the basis of their
 morphology. For example, Scirpus i'alidus, based on
 its morphology, would be classified as a V-species. It
 is a perennial that reproduces vegetatively from an
 underground rhizome. Field observations indicate,
 however, that this species behaves as a P-species and
 has a life expectancy of only 2 or 3 yr in flooded,
 prairie glacial marshes (Weller and Fredrickson 1974).
 It has also been noted that some perennial herbaceous
 species may behave as annuals in temperate wetlands
 and as perennials or vegetative species in tropical or
 subtropical wetlands. For example, Lemna spp. in
 temperate wetlands usually behave as annuals and sur-
 vive the winter in the seed bank in the form of seeds
 and/or turions (vegetative propagules, formed usually
 from modified buds) while, in milder climates, these
 species grow vegetatively the year around.
 The most prevalent life-span among aquatic species
 evidently is the V-type; i.e., vegetatively reproducing
 perennials with an indefinite life span. Kadlec and
 Wentz (1974) provide a summary of available infor-
 mation on the life-span and types of propagules pro-
 duced by North American aquatic and wetland
 species. Only 14% are annuals; the remaining 86% are
 perennial plants. There evidently are very few P-
 species. No distinction is made between P- and V-
 species by Kadlec and Wentz, but it is possible to
 deduce from the information given that some of the
 perennial species must be P-species because they ev-
 idently lack vegetative growth. On the basis of this
 criterion, P-species make up only about 10% of aquatic
 and wetland species. It is possible, however, that
 many perennials with vegetative growth may behave
 as P-species.
 Propagule longevity.-Although seeds and vegeta-
 tive propagules vary in size, shape, and dispersibility
 as well as in their germination or establishment re-
 quirements, wetland species can, nevertheless, be
 placed into two ecological classes: species with short-
 lived seeds and/or vegetative propagules (dispersal-
 dependent species) or species with long-lived seeds
 and/or vegetative propagules (seed bank species). Dis-
 persal-dependent species with short-lived propagules
 (D-species) can become established on a site only if
 a nearby source of viable propagules is available and
 if those propagules reach the site when environmental
 conditions are suitable. On the other hand, seed bank
 species with long-lived propagules (S-species) have
 seeds that are always present in the wetland substrate
 (the seed bank) where they may have accumulated
 over many years. These S-species can become estab-
 lished whenever suitable circumstances occur for their
 establishment, even if there are no adults with viable
 propagules present. Because nearly all wetland
 species have propagules, usually seeds, that float at
 least for a short period (Sculthorpe 1967) and many
 also have wind-dispersed seeds, long-lived seeds often
 are found in the substrate throughout a wetland even
 in areas where the adult plants of a species have never
 grown (van der Valk and Davis 1976, 1978). Werner
 (1979) found that, for terrestrial fugitive species, an-
 nuals had the longest lived seeds, followed by herba-
 ceous perennials without vegetative growth, and veg-
 etatively cloning perennials. The available evidence
 suggests that such a simple inverse correlation be-
 tween life-span and seed longevity does not occur
 among wetland species (van der Valk and Davis 1978,
 1979).
 Because so little work has been done, it is impos-
 sible to determine whether the majority of aquatic and
 wetland species are of the S- or D-type. Most mud-flat
 annuals appear to be S-species (Salisbury 1970) as do
 many emergents (van der Valk and Davis 1978). Many
 submersed and free-floating aquatics are S-species and
 survive drawdowns as seeds or other turions (van der
 Valk and Davis 1978). It is unlikely that there are many
 submersed, aquatic D-species.
 Propagule establishment requirements.-New
 species can become established in a wetland either
 from seed or vegetative propagules, and wetland
 species can be broken into two major groups, depend-
 ing on their seed germination and/or vegetative prop-
 agule establishment requirements: drawdown species
 that can only become established when there is no
 standing water (Type I) and standing-water species
 that can get established when there is standing water
 (Type II) (Fig. 1). Each of these basic types can be
 subdivided into shade-tolerant and intolerant species.
 Intolerant species can become established only in
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 FIG. 2. Potential species state transitions during drawndown and flooded periods in a wetland for all 12 life history types.
Solid lines represent potential transitions within an e viro menta  state, and ashed lines, transitions between environmental
 states. The three species states are: present as long-lived propagules in a persistent seed bank (s), mature adults (a), and
 locally extinct (e). If establishment is dependent on the dispersal of propagules from another site, adult populations are
 indicated in parentheses, (a).
 areas free of existing vegetation (Type I and II, sensu
 strictu). Tolerant species, on the other hand, can be-
 come established within stands of existing vegetation
 (Type I' and II'). It also is possible that the seeds and
 vegetative propagules of a particular species may have
 different establishment requirements. If vegetative
 propagules are the primary dispersal form, this is in-
 dicated by putting the type in parentheses. For ex-
 ample, (I') indicates that vegetative propagules can
 establish a species during a drawdown within a stand
 of existing vegetation. The absence of parentheses im-
 plies that seeds are the major dispersal form. The dis-
 tinction between shade-tolerant and intolerant species
 sometimes can be of practical significance in inter-
 preting establishment patterns during drawdowns (van
 der Valk and Davis 1978).
 Although the data are limited, information available
 on seed germination requirements of aquatic and wet-
 land plants indicate that the seeds of mud-flat species
 and the majority of emergent species germinate pri-
 marily on exposed mud flats free of vegetation. The
 seeds of these species usually require exposure to light
 and/or alternating temperatures with the daytime tem-
 peratures above 30'C (Salisbury 1970, Kadlec and
 Wentz 1974). As a result, mud-flat species and emer-
 gents normally do not become established from seed
 within stands of existing vegetation because the shad-
 ing from the plant canopy reduces temperature fluc-
 tuations and prevents the seeds from being exposed
 to direct sunlight. All submersed, free-floating, and
 floating-leaved aquatics have seeds that germinate
 when the substrate is flooded. A few emergents also
 have seeds that germinate under flooded conditions,
 but flooding normally prevents germination because of
 the reduction in light intensity and/or temperature
 fluctuation (Kadlec and Wentz 1974). It also is uncer-
 tain if the germination of seeds of some emergents
 under flooded conditions results in the establishment
 of any plants inasmuch as many emergent seedlings
 float, and establishment may only occur in very shal-
 low water or on wet, recently exposed mud flats; e.g.,
 Typha (Weller 1975). In summary, Type I species are
 primarily emergent species (P or V), or mud-flat an-
 nuals(A). Type II species are typically submersed,
 free-floating or floating-leaved aquatics, but a few
 Type II emergents are known. Both emergent and sub-
 mersed species can be either D- or S-species.
 Life history types
 By combining all three key life history features, we
 can characterize 12 basic life history types (Fig. 2).
 There are four annual species types: AS-1, propagules
 present in seed bank and becomes established during
 a drawdown; AS-II, propagules present in seed bank,
 but becomes established when the wetland is flooded;
 AD-I, propagules not found in seed bank and becomes
 established during a drawdown; AD-LI, propagules not
 present in the seed bank and becomes established
 when wetland is flooded. Perennial (P) and vegetative
 (V) species each have four comparable life history
 types.
 To illustrate some of these life history types, I will
 use some examples taken from a study of the vege-
 tation of a prairie glacial marsh: Eagle Lake, Iowa,
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 USA (van der Valk and Davis 1978, 1979, Currier
 1979). Typha glauca in this wetland is a VS-I species.
 It has large numbers of viable seeds in the substrate
 (sometimes in excess of 10 000 seeds/m2), reproduces
 only vegetatively when there is standing water, and
 becomes established from seed on unvegetated mud
 flats during drawdowns. Phragmites australis, on the
 other hand, is a vegetatively reproducing perennial
 whose seeds also germinate on mud flats in areas free
 of vegetation, but whose seeds are not present in the
 seed bank; i.e., it is a VD-I species. In this same marsh
 are also found Bidens cernua, an AS-I species (a mud-
 flat annual whose long-lived seeds are common in the
 substrate and germinate on mud flats free of vegetation
 during drawdowns), and Naias flexilis, an AS-II
 species (a submersed aquatic annual whose seeds only
 germinate when the substrate is flooded).
 In a wetland, a species can be found in one of three
 states: (1) it can be present in the form of long-lived
 propagules in the seed bank, (2) it can be present in
 the form of vegetatively and/or sexually reproducing
 adults, or (3) it may not be present at all; i.e., it may
 be locally absent or extinct. We can examine the po-
 tential destiny of species belonging to each of the 12
 life history types by examining the possible transitions
 from one species state to another in a wetland's two
 basic environmental states (drawndown and flooded)
 (Fig. 2). All possible species state transitions for a
 given life history type can be deduced directly from
 its life history features (attributes), i.e., life-span,
 propagule longevity, and establishment requirements.
 Not all the potential transitions illustrated in Fig. 2 for
 a given life history type may in fact be possible for a
 particular species. For example, a PS-I species po-
 tentially can survive as an adult during both the
 drawndown and flooded states of a wetland. In reality,
 a submersed aquatic PS-I type species may not be
 able to survive an extended drawdown as an adult.
 The actual behavior of a species may be considerably
 more limited than its potential behavior.
 The potential transitions in Fig. 2 illustrate several
 important features of the life history of wetland
 species. Drawdowns are needed for the establishment
 of many species (Type I). S-species, once established,
 are essentially impossible to eliminate. D-species can
 be eliminated, however, because their re-establish-
 ment, if the existing population is destroyed, depends
 on a nearby source of propagules and on conditions
 being suitable for their establishment simultaneously.
 SEED BANK STUDIES
 To apply the proposed model of succession to an
 actual wetland, two crucial pieces of information must
 be known: (1) the potential flora of the wetland, and
 (2) the life history type of each species.
 The potential flora of a wetland includes all the
 species growing in the wetland at a given time (the
 actual flora), plus all additional species represented
 only by propagules in the seed bank (Major and Pyott
 1966). The life history type of each of these species in
 the potential flora must be determined from available
 information about the life-span, propagule longevity,
 and propagule establishment requirements of each
 species. Life-span information usually is easy to ob-
 tain, or it can be inferred from the morphology of a
 species. The only likely error, confusing P- and V-
 species, can be corrected as it is discovered. Infor-
 mation on propagule longevity and establishment re-
 quirements, however, are not often available (Kadlec
 and Wentz 1974). Fortunately, all the information
 needed to describe the potential flora of a given wet-
 land, to determine which species present in the wet-
 land are S-species, and to determine whether these S-
 species are Type I or II species can be obtained from
 a seed bank study of that wetland.
 A seed bank study involves collecting a suitable
 number of surface substrate samples in a wetland. One
 subsample of each sample collected should be placed
 under conditions that simulate a mud flat in the wetland
 during a drawdown. A second subsample should be
 submerged in a tank of water to simulate flooded con-
 ditions. By examining the number of seedlings of each
 species that become established on the substrate sam-
 ples kept under drawdown conditions, it is possible to
 establish which species are type S-I species, and by
 examining the submerged treatment, which are type
 S-Il species. Further information on the collection and
 preparation of samples for seed bank studies can be
 found in van der Valk and Davis (1978).
 In addition to basic floristic and life history infor-
 mation, seed bank studies can give additional insights
 into the potential responses of wetland vegetation to
 environmental changes. Table I summarizes data from
 a seed bank study of the Delta Marsh located on the
 southern end of Lake Manitoba in Manitoba, Canada,
 taken from Pederson (1979). The techniques used are
 those of van der Valk and Davis (1978). Ten surface
 substrate samples were collected in June 1979 in each
 of three vegetation types: Typha glauca stands,
 Phragmites australis stands, and open-water areas
 free of emergents.
 There are 13 S-I species present in the seed bank
 (7 AS-I, 3 PS-I, and 3 VS-I). On the average, Che-
 nopodium rubrum (AS-I), Scirpus validus (PS-I), and
 Typha glauca (VS-I) have the most propagules in the
 seed bank. This study also reveals that Phragmites
 australis is not a VS-I species. (Other information
 available suggests that it is a VD-I species [Walker
 1959, 1965].) Many of the species found in the seed
 bank were not found as adults in the areas sampled,
 particularly the AS-I species and Scirpus validus (PS-
 I). Apart from the information about the life histories
 of particular species, this study also shows that the
 size and composition of the seed bank varies within
 the marsh. There are, on the average, about 5810
 seeds/M2 in Typha glauca stands, about 2230 seeds/M2
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 TABLE 1. Average number of seeds (seeds/M2) in 10 surface substrate samples from Typha glauca, Phragmites australis,
 and open-water zones in the Delta Marsh, Manitoba, Canada. Data taken from Pederson (1979).
 7vphha glalIucal Phragmites allustrallis Open water  Life
 Species x ?SD ?SD ?SD history type*
 Atripler paltllla 0 0 213 672 0 0 AS-I
 Care.x (therodes 0 0 300 450 0 0 VS-I
 Chenopodinm rubrum 2137 3470 350 348 0 0 AS-I
 Circium (lrl'ense 0 0 25 53 0 0 PS-I
 Lx'copus aisper 13 40 50 158 0 0 AS-I
 Mentha airvensis 0 0 25 53 0 0 AS-I
 Phragmites (llastrallis 0 0 0 0 0 0 VD-I
 Polygonum (imphibillm 38 119 100 211 0 0 AS-I
 Ranunculus scleraltlus 737 1669 138 208 0 0 AS-I
 Rumex tnlritimrus 175 283 225 337 0 0 AS-I
 Scirpus i'lidus 1612 1907 500 1365 88 156 PS-I
 Scolochloa fjestIcalceal 125 276 63 159 0 0 VS-I
 Sonchus airi'ensis 38 119 25 53 0 0 PS-I
 Typha glaica 938 1182 213 187 50 121 VS-I
 TOTAL 5813 ... 2227 ... 138 .
 * See text for an explanation of the different life history types.
 in Phragtmites alustralis stands, and only about 140
 seeds/rn in open-water areas. The absence of signifi-
 cant numbers of seeds in samples from open-water
 areas in the Delta Marsh differs from the pattern re-
 ported for similar sites in Iowa prairie glacial marshes
 (van der Valk and Davis 1976, 1978, 1979), where as
 many or more seeds are present as in vegetated areas.
 This discrepancy may reflect the fact that the Delta
 Marsh is a littoral wetland not subject to extreme fluc-
 tuations in water levels; i.e., these open-water areas
 are always flooded even during periods of low water,
 while Iowa marshes are shallow, palustrine wetlands
 that often go completely dry. The only species found
 in the open-water area seed bank in the Delta Marsh
 are Scirpus validus and Typha glauca (whose seeds
 were found in only 5 of the 10 samples). Both are
 species whose seeds are easily and widely dispersed
 in wetlands, and, as a result, their seeds are frequently
 found in areas where they do not grow (van der Valk
 and Davis 1976, 1978). The complete absence of AS-I
 species, mud-flat annuals, also suggests that these
 open-water areas have not been free of standing water
 for many years.
 APPLICATION OF MODEL
 If the vegetation of the Delta Marsh in the area
 where the seed bank samples were collected was com-
 pletely destroyed by flooding, it would be possible to
 predict the composition of the vegetation in that area
 during a future drawdown and subsequent reflooding
 by using the information in Table 1. During the draw-
 down, the vegetation in this area would be composed
 of mud-flat annuals and seedlings of Scirpus ialidus,
 Typha glauca, Sonchus arl'ensis, and Circium ar-
 vense. Reflooding the marsh would immediately elim-
 inate all the mud-flat annuals (AS-I species) and would
 eventually eliminate all the PS-I species (Scirpius val-
 idus, Sonchus arl'ensis, and Circium ari'ense), leaving
 only one emergent species, Typha glauca. If we as-
 sume that no seed dispersal occurs from adjacent
 areas, Phragmites australis would be eliminated, in-
 asmuch as no source of viable seeds would be avail-
 able to colonize mud flats in this area during the draw-
 down.
 There are very few other studies of vegetation dy-
 namics in wetlands that contain sufficient life history
 information about even the dominant species to make
 it possible to apply the proposed Gleasonian model of
 succession. Two exceptions are the study of the de-
 velopment of papyrus swamps on Lake Naivasha by
 Gaudet (1977), and the study of cyclical changes in the
 vegetation of prairie glacial marshes by van der Valk
 and Davis (1976, 1978, 1979).
 Gaudet (1977) studied a natural drawdown on Lake
 Naivasha, Kenya, that occurred in 1973 and the sub-
 sequent reflooding of the lake in 1974 and 1975. He
 noted that the vegetation that develops on exposed
 lake muds "is dominated by forbs, whose seeds nei-
 ther decay nor germinate while the bottom of the water
 body is inundated, but germinate and grow rapidly af-
 ter the mud has emerged . . ." (Gaudet 1977:4). To
 demonstrate the presence of these seeds, Gaudet per-
 formed a simple seed bank study and collected surface
 soil samples in 1974 from two sites that were inundated
 and one from a nearby recently exposed mud flat.
 These samples were collected, however, outside the
 zone where the drawdown in 1973 had produced sev-
 eral bands of vegetation. These seed bank samples
 contained only three taxa, Cyperus spp., Sphaeran-
 thus suai'eolens, and Nymphaea caerula. About 50
 different species had been found growing on the mud
 flats exposed in 1973, although many of these species
 were quite rare. Gaudet's seed bank samples were tak-
 en in areas rarely free of standing water and conse-
 quently would contain only seeds of the most common
 and easily dispersed emergents (CQperus) and mud-flat
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 CYPERUS PAPYRUS (VS-I) CYPERUS PAPYRUS (VS-I)
 AQUATIC PLANTS 11 SPHAERANTHUS (PS-I) EZ> SPHAERANTHUS (PS-I) ----+ CYPERUS PAPYRUS (VS-I)
 & MANY OTHER AS-I
 AND PS-I SPECIES
 -0* DRAWDOWN [a REFLOODING ' *--- STANDING WATER
 FIG. 3. Predicted successional sequences resulting from a drawdown in Lake Naivasha, Kenya, after Gaudet (1977).
 Sphaeranthiis is S. sIIl eolen/C.
 species (Sphaeranthus) or seeds of aquatic species
 (Nymphaea caerula). His samples seem to be the
 equivalent of the open-water area samples taken at the
 Delta Marsh (Table 1), and he states that seeds of
 many other mud-flat species ('wet mud species in his
 terminology) undoubtedly are present in the seed bank
 of the lake in those areas where vegetation developed
 in 1973. The seed bank of the zone where vegetation
 became established in 1973 (i.e., immediately outside
 the existing papyrus fringe swamp) evidently con-
 tained a large number of AS-I and PS-I species (e.g.,
 Sphaeranthus) and a few VS-I species (Cyperus spp.
 including C. papyrus, C. immensis).
 Potential successional changes due to a drawdown
 and reflooding in the area outside the fringing papyrus
 swamps in Lake Naivasha predicted by the model are
 outlined in Fig. 3. Two predictions can be made: (1)
 During the drawdown, the vegetation on the emergent
 mud flats will consist of mud-flat annuals and Cyperus
 seedlings, and (2) reflooding will eliminate all the an-
 nuals, and only the young Cyperus plants will survive.
 This is essentially what happened at Lake Naivasha
 from 1973 to 1975, and it resulted in the formation of
 a new fringing band of papyrus swamp. Earlier draw-
 downs in the late 1920s, mid-1930s, early 1940s, and
 late 1940s produced four other fringe papyrus swamps
 around Lake Naivasha that are visible in 1948 aerial
 photographs. The model then can be used to predict
 the conditions under which a papyrus swamp will be
 formed in an African lake simply from the fact that
 Cyperus papyrus is a VS-I species with only a certain
 limited set of potential species states (Fig. 2), i.e., par-
 ticular conditions under which it can be established
 from seed and grow.
 The seed bank of Eagle Lake, Iowa, a prairie glacial
 marsh, contains viable seed of at least 50 different
 species, including submersed aquatics, free-floating
 aquatics, emergents, and mud-flat annuals (van der
 Valk and Davis 1978, 1979). The potential successional
 changes in the vegetation of the cyclic zone of Eagle
 Lake in response to normal fluctuations in water levels
 and to muskrat "eat outs' are presented in Fig. 4. The
 vegetation of Eagle Lake at any time is very much a
 function of recent environmental conditions. The cy-
 clic zone of Eagle Lake is periodically free of emer-
 gents and dominated by submersed and free-floating
 aquatic species (Potamogeton pectinatus, VS-Il;
 Naias flexilis, AS-Il; Lemna spp. AS-Il). If a draw-
 down occurs, the seeds of a large number of mud-flat
 annuals and emergents (e.g., Typha glauca and (Scir-
 pus validus) germinate. The reflooding of the marsh
 eliminates all the annuals, but leaves Typha and Scir-
 pus validus, and it triggers the germination of Spar-
 ganium eurycarpum (VS-Il) seeds in open areas where
 the mud-flat annuals had dominated the previous year.
 After a period of normal water levels, the PS-I species,
 Scirpus validus, dies out, leaving an emergent com-
 munity dominated by Typha glauca and Sparganium
 eurycarpum. Reflooding after the drawdown also re-
 establishes Potamogeton pectinatus (VS-Il), Naias
 flexilis (AS-II), Lemna species (AS-IT), and many oth-
 er aquatic species. Emergent populations in prairie
 glacial marshes are eradicated eventually by muskrats
 that destroy the emergents by their feeding and lodge-
 POTAMOGETON (VS-Il) TYPHA (VS-I) TYPHA (VS-Il TYPHA (VS-I)
 LEMNA (AS-Ill _ SCIRPUS (PS-Il L SCIRPUS (PS-I) _ SPARGANIUM (VS-Il)
 NAIAS (AS-Ill BIDENS (AS-I) SPARGANIUM (VS-11) POTAMOGETON (AS-11)
 A POLYGONUM (AS-Il POTAMOGETON (AS-Il) LEMNA (AS-Il)
 I LEMNA (AS-Il) NAIAS (AS-Ill
 NAIAS (AS-Il) I
 D R A DRAWDOWN : REFLOODING .. STANDING WATER ----- , DISTURBANCE (MUSKRATS)
 FIG. 4. Predicted successional sequence due to water level fluctuations and a muskrat 'eat out" at Eagle Lake, Iowa,
 after van der Valk and Davis (1978, 1979). Potamogeton is P. pectin(ltlus; Lemna is L. minor; Naias is N. flexilis; Typha
 is T. tglaucl(: Scirpus is S. w('liduss; Bidens is B. cernua; Polygonum is P. lapathifolium; and Sparganium is S. euryc(lrpum.
 Only dominant species are shown.
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 building activities (Weller and Spatcher 1965, Weller
 and Fredrickson 1974, Bishop et al. 1979), leaving only
 submersed and free-floating species present in the
 marsh until the next drawdown.
 These successional changes, predicted by the avail-
 able information about the life history types of the
 species in Eagle Lake, have actually occurred there
 (see Bishop et al. 1979, Currier 1979, van der Valk and
 Davis 1979) and at other prairie glacial marshes in
 Iowa (Weller and Spatcher 1965, Weller and Fredrick-
 son 1974, Bishop et al. 1979). There are many parallels
 between the succession at Eagle Lake and at Lake
 Naivasha as described by Gaudet (1977). In both in-
 stances, a drawdown results in the establishment of
 emergent vegetation in an area previously dominated
 by aquatic species. At Eagle Lake, some of this emer-
 gent vegetation dies out naturally (i.e., Scirpus vali-
 dus) and the rest usually is destroyed by muskrats; at
 Lake Naivasha, however, the new papyrus band that
 results from the drawdown remains and becomes a
 part of the permanent littoral swamp.
 DISCUSSION
 Gaudet (1977) explicitly views the formation of a
 new fringe papyrus swamp on Lake Naivasha as an
 example of Clementsian primary succession and cites
 Mueller-Dombois and Ellenberg (1974) to make the
 point that a primary succession cannot be cyclic and
 that it always "progresses continuously in time. In
 a Clementsian framework, what is happening at Lake
 Naivasha is a primary successional sequence that begins
 anew with each drawdown, and each ". . . succession
 . . .will progress to a subclimax stage, i.e., a mature
 papyrus swamp, if water level permits. However,
 because seeds are known to be present in the substrate
 before a drawdown occurs, there is doubt, as Gaudet
 points out, that this is technically primary succession.
 It is quite clear from reading Gaudet's paper that his
 understanding of how a papyrus swamp becomes es-
 tablished came from a realization that the seeds of
 papyrus present in the substrate can germinate only
 during drawdowns; i.e., from a recognition of the life
 history characteristics of Cyperus papyrus. This in-
 formation, in fact, makes it possible for him to deter-
 mine when four bands of fringing papyrus swamps
 present in a 1948 aerial photograph must have become
 established from an examination of the water-level
 history of Lake Naivasha. The Clementsian model of
 succession, though invoked by Gaudet, did not pro-
 vide him with any explanation per se for the estab-
 lishment of papyrus swamps. It only provided a frame-
 work for classifying the vegetation phenomenon that
 he was studying as a succession. The proposed Glea-
 sonian model of succession provides both a framework
 for classifying such vegetation phenomena and also for
 understanding them.
 The model of succession presented should be ap-
 plicable to any type of freshwater wetland and, when
 applied, will enable the prediction of allogenic succes-
 sions in the wetland due to either normal changes in
 environmental conditions or unexected perturbations.
 Because very little work is needed to obtain the min-
 imal life history information required to assign each
 species present to its appropriate life history type, the
 model should be particularly useful in wetland man-
 agement applications where predictions about the re-
 sults of potential management practices are needed.
 The model as presented is qualitative; it only pre-
 dicts which species will be present, but does not pro-
 vide any information about their relative abundance.
 Seed bank studies, however, do provide information
 about the abundance of the seeds of S-species in the
 seed bank that may furnish some insight into the abun-
 dance of these species during and immediately after
 a drawdown (van der Valk and Davis 1978). The es-
 tablishment of D-species in a wetland is, however, im-
 possible to predict from the model per se because a
 source of propagules is also necessary. The timing of
 changes in environmental conditions, particularly
 drawdowns, that influence the establishment or sur-
 vival of D-I species is critical for the survival of these
 species. Timing will determine if a D-I species will
 become re-established after a disturbance has elimi-
 nated the existing population; it can be re-established
 only if propagules reach the site at the time of a draw-
 down.
 The model also ignores interactions among the
 plants (competition, allelopathy) that may play an im-
 portant role in determining the presence or absence,
 abundance, and location of species in wetlands (But-
 tery and Lambert 1965). Refinements in the model
 (e.g., considering the growth rate of each species un-
 der different environmental conditions and determin-
 ing if any species are allelopathic) would make it pos-
 sible to include these factors in more quantitative
 versions of the model. This also would make the model
 applicable to both allogenic and autogenic successions
 in wetlands. The model is useful, however, under
 many circumstances even without such refinements.
 It also can be used as a null hypothesis in instances
 in which plant interaction is suspected to be signifi-
 cant. When used as a null hypothesis, the model can
 be used to predict the composition of vegetation on
 the basis of the potential flora of the wetland and the
 life history features of each species. If the composition
 of the existing vegetation differs from that predicted,
 the null hypothesis can be rejected; i.e., the vegetation
 composition is not simply the result of life-span, prop-
 agule longevity, and propagule establishment charac-
 teristics of the species. Some additional factor(s) then
 must be influencing the composition of the vegetation.
 As new information about the life history of wetland
 species becomes available and a quantitative version
 of the model is developed, the predictability of the
 model, and hence its utility as a management tool, will
 greatly improve. The model, as proposed, although
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 primitive, does provide the beginnings of a framework
 for understanding and predicting the vegetation dy-
 namics of wetlands.
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